Producers can use various tillage and fertilizer placement methods to optimize yield, nutrient use efficiency, soil conservation, water quality, and economic benefits in crop production. Different tillage systems may require different phosphorus (P) and potassium (K) application rates or placement methods because tillage changes many physical soil properties and root growth patterns. Broadcasting fertilizers may be less efficient than banding with conservation tillage because P, K, and crop residues accumulate at or near the soil surface.
Introduction
Producers can use various tillage and fertilizer placement methods to optimize yield, nutrient use efficiency, soil conservation, water quality, and economic benefits in crop production. Different tillage systems may require different phosphorus (P) and potassium (K) application rates or placement methods because tillage changes many physical soil properties and root growth patterns. Broadcasting fertilizers may be less efficient than banding with conservation tillage because P, K, and crop residues accumulate at or near the soil surface.
A study was conducted from 1997 to 2004 on an area with Floyd and Clyde soils to compare fertilizer placement methods for corn-soybean rotations and continuous corn managed with moldboard plow (MB), chisel plow (CH), no-till (NT), and ridge-till (RT) tillage. From 1978 until 1996, tillage treatments were applied to nonreplicated field blocks with uniform broadcasting of P and K fertilization. Plots managed with MB and CH were plowed in the fall and field cultivated in the spring. Crops were planted using 30-in. row spacing. Yields for this period are not shown. Tillage treatments were subdivided for the 1997 crop to apply twelve fertilizer treatments replicated three times (Table 1) . Treatments were applied to all crops, and placement methods (broadcast or deep band, in the fall) and frequency of application (yearly or twice the rate applied in alternate years) for primary fertilization with or without P-K starter were evaluated. All fertilizer sources were commercial granulated products. The deep bands were placed using a 30-in. spacing and a 5-7 in. depth with coulters and knives that also striptilled the soil. The starter was applied 2 in. below and 2 in. besides the seeds. Table 2 summarizes the effects of tillage and selected fertilizer treatments on soil-test values for the corn-soybean rotation. Similar effects were observed for continuous corn, even though initial soil-test values were higher. Iowa State University soil-test interpretations indicate that response to fertilization is unlikely when soil test values to a 6-in. depth are higher than optimum (higher than 20 ppm P and 170 ppm K for most Iowa soils). Calculations of average soil-test values to a 6-in. depth for these plots indicated that P was above optimum for all tillage systems during the evaluation period but initially high K levels in the check plots decreased to values in the optimum and low categories in recent years.
Results and Discussion
Soil P and K were not stratified with MB, were slightly stratified with CH, and were very stratified with NT and RT. The P accumulation near the soil surface for MB, CH, and NT or in the ridges for RT was relatively higher than for K, a result that agrees with slightly less mobility and recycling with crop residues for P than for K. Starter fertilization, which was slightly less than one-half the average P and K removed with harvest, did not maintain soil P and K values with MB and RT, but maintained values with CH and NT. We cannot fully explain this result, although CH and NT plots were mainly on Floyd soil, while MB and RT were mainly on the slightly finer-textured Clyde soil. Broadcast or deep-band P and K maintained or increased soil-test values. Deep banding reduced soil-test stratification with CH and NT, although the effect was more significant for P. Other experiments also have showed that deep banding is more effective at reducing stratification of P than K, probably due to less P mobility and recycling with residues. Deep banding did not significantly change lateral stratification with RT. Fertilization effects usually did not differ clearly across crops and tillage systems, but there were a few exceptions. Yield response to fertilization was relatively greater and more frequent for corn than for soybean, especially with MB. Application of starter alone did not affect or decreased yield with RT. We cannot fully explain this result, but perhaps the depth control of the planter attachments was poorer in the ridges. Deep bands or a combination of broadcast and starter were the most effective treatments for no-till corn, especially for corn after soybean. Other studies with separate treatments for strip tillage and deep-band P or K at this farm showed a response to deep K banding beyond any strip tillage effect.
Conclusions
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